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JP 07-272879 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a discharge lamp lighting device suitable for 
start up and lighting of an electric discharge lamp like a high pressure discharge lamp. 
[0002] 

, [Description of the Prior Art] Conventionally, the discharge lamp lighting device as shown in 
drawing 12 is known. In this lighting device, DC power supply 1 are changed into high 
frequency voltage by the high frequency conversion circuit 2, it is impressed by the primary 
side of transformer Ti, and voltage conversion of this high frequency voltage is carried out by 
transformer Ti. Via capacitor Ci and inductor Li, it is inputted into rectification circuit DBi, 
and is rectified, and smoothness of the high frequency voltage obtained by the downstream of 
transformer Ti is carried out by capacitor C2. The direct current voltage obtained by capacitor 
C2 is changed into low frequency voltage by the low frequency wave conversion circuit 3, is 
impressed to the electric discharge lamp 5 via the start-up circuit 4, and carries out square 
wave lighting of the electric discharge lamp 5. The start-up circuit 4 generates a high voltage 
pulse at the time of start up of the electric discharge lamp 5, is impressed to the electric 
discharge lamp 5, and is made to shift to arc discharge from glow discharge. This composition 
is shown in JP,2-288 1 97,A. 

[0003] In this conventional example, since the both-ends voltage of the electric discharge lamp 
5 will fall if the electric discharge lamp 5 begins to discharge, the output voltage of the low 
frequency wave conversion circuit 3 declines. Therefore, before the electric discharge lamp 5 
shifts to arc discharge thoroughly, the voltage added to the start-up circuit 4 falls, and a 
possibility that pulse energy runs short, and stable lighting may not be carried out even if it 
starts is. For this reason, it is necessary to make it generate at tiie time of no-load before the 
electric discharge lamp 5 carries out glow discharge of the pulse energy by the start-up circuit 
4, and the start-up circuit 4 needed to be enlarged or pulse voltage and pulse width needed to 
be increased. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above points, 
and there is a place made into the purpose in providing the discharge lamp lighting device 
which can be made to shift to arc discharge smoothly from glow discharge, without increasing 
the start-up energy for starting an electric discharge lamp more than needed. The place made 
into other purposes of this invention makes the swdtching element of a high frequency 
conversion circuit use also [ circuit / start-up ], and is shown in aiming at large improvement 
in the miniaturization of a start-up circuit, arid starting performance. Another purpose of this 
invention is to ensure start up of an electric discharge lamp by taking the synchronization of a 
high frequency conversion circuit, a start-up circuit, and a low frequency wave conversion 
circuit at the time of no-load. 
[0005] 

[Means for Solving the Problem] In this invention, in order to solve the above-mentioned 
technical problem, as shown in drawing K DC power supply 1 and the high frequency 
conversion circuit 2 which changes voltage of these DC power supply 1 into high frequency. 
Transformer Ti which carries out voltage conversion of the output of the high frequency 
conversion circuit 2, and rectification circuit DBi which rectifies an output of transformer Ti, 
In a discharge lamp lighting device which consists of the low frequency wave conversion 
circuit 3 connected to an output of rectification circuit DBi, and the electric discharge lamp 5 
connected to an output of the low frequency wave conversion circuit 3, Current-limiting 



element Li which restricts ciurent of load between said transformer Ti and rectification circuit 
DBi was connected, and an input part of the start-up circuit 4 was connected between this 
transformer Tj and current-limiting element Li. 
[0006] 

[FunctionJIn this invention, energy is supplied to the start-up circuit 4 from the preceding 
paragraph of current-limiting element Lj for making the electric discharge lamp 5 turn on 
stably. 

Therefore, regardless of the existence of discharge of the electric discharge lamp 5, the pulse 

voltage for start up can be generated stably. 

[0007] 

[Examplel Drawdng 1 is a circuit diagram of the 1st example of this invention. Hereafter, the 
circuitry is explained. The high frequency conversion circuit 2 is coimected to DC power 
supply 1. The output of the high frequency conversion circuit 2 is connected to the primary 
side of transformer Ti. Rectification circuit DBi is connected via inductor Li, and the input 
part of the start-up circuit 4 is connected to the downstream of transformer Tj. Capacitor C2 
for smooth is connected to the output of rectification circuit DBi. The direct current voltage 
obtained by capacitor C2 is changed into low frequency voltage by the low frequency wave 
conversion circuit 3, and is supplied to the electric discharge lamp 5. The secondary wdnding 
of pulse transformer PT is connected to the electric discharge lamp 5 in series. 
Capacitor C3 constitutes the closed circuit for pulse voltage impression. 
4 is a start-up circuit and the series resonant circuit of inductor L2 and capacitor C4 is 
connected to the input part. Rectification circuit DB2 is connected to the both ends of 
capacitor C4, and capacitor C5 is connected to the output via resistance Ri to them. The 
primary winding of pulse transformer PT is connected to the both ends of capacitor C5 via the 
electric discharge lamp gap G. 

[0008]Hereafter, operation of this example is explained. At the time of no-load, high 
frequency voltage is outputted to the downstream of transformer Ti, and rectangular wave 
voltage is impressed to the electric discharge lamp 5 through inductor Li, rectification circuit 
DBi, capacitor C2, the low frequency wave conversion circuit 3, and capacitor C3. On the 
other hand, in the start-up circuit 4, since the resonance frequency of inductor L2 and 
capacitor C4 is set up near the frequency of the high frequency voltage outputted from 
transformer Ti, the both-ends voltage of capacitor C4 rises. Rectification circuit DB2 rectifies 
the voltage of this capacitor C4, and capacitor C5 is charged via resistance Ri. If the voltage of 
capacitor C5 goes up gradually and the voltage reaches the breakdovm voltage of discharge 
gap G, Discharge gap G discharges, the electric charge of capacitor C5 is emitted, the pulse 
voltage by which pressure up was carried out via pulse transformer PT is impressed to the 
electric discharge lamp 5, and the electric discharge lamp 5 starts. The discharge in this 
discharge gap G is repeated, and the electric discharge lamp 5 shifts to arc discharge, and is 
turned on. In this invention, since the start-up circuit 4 is connected to the output of 
transformer Ti, a stable pulse is maintainable. The high frequency conversion circuit 2 makes 
an output frequency higher than the time of no-load, and in order to drop the voltage of 
capacitor C4 for resonance, the voltage of capacitor C5 will not rise to the breakdown voltage 
of discharge gap G, and it stops generating pulse voltage, if the electric discharge lamp 5 
starts. The method which detects the current which flows into the electric discharge lamp 5, 
may tell that detecting signal to the high frequency conversion circuit 2, may use means, such 
as switching frequency, and sets up timer time and with which only predetermined timer time 
generates pulse voltage from a power up may be used for the change of this frequency. 
[0009] What is necessary is just to use the circuit shown in drav^ng 2 and drawdng 3 as the 
high frequency conversion circuit 2 and the low frequency wave conversion cu-cuit 3 of 
dravsdns 1. Dravyine 2 is half bridge inverter composition, and, as for Q4 and Q5, a diode, C7, 
and Cg of a transistor, D4, and D5 are capacitors among a figure. When transistor Q4 and Q5 



are turned on and off by turns by high frequency, the vohage of reverse polarity is impressed 
to the primary side of transformer Ti by turns, and high frequency voltage is outputted to the 
downstream of transformer T|. Since the output frequency of transformer Ti will change if the 
switching frequency of this transistor Q4 and Q5 is changed, operation of the start-up circuit 4 
can be switched in the time of no-load, and the time of lighting as mentioned above. A full 
bridge inverter, a push pull inverter, etc. may be used in addition to this half bridge inverter. 
Dravying 3 is fiill bridge inverter composition, and a transistor, De - D9 of Qe - Q9 are diodes 
among a figure. Transistor Qe, Q9 and Q7, and Qs are turned on and off by tums, and the 
switching frequency is about hundreds of Hz. Thereby, the rectangular wave voltage of a low 
. frequency wave can be impressed to an electric discharge lamp. 

rOOlOI Drawing 4 is a circuit diagram of the 2nd example of this invention. In this example, 
the resonant circuit of inductor Lo and capacitor Co is established in the output of the high 
frequency conversion circuit 2, at the time of no-load, it operates near the resonance 
frequency of inductor Lo and capacitor Co, and the output voltage of transformer Ti becomes 
high. If the voltage of capacitor C5 rises via diode Di and resistance Rj and the both-ends 
voltage of bidirectional thyristor Qi becomes in response to this voltage in the start-up circuit 
4 beyond a predetermined value. With capacitor Ce, and the electric charge of capacitor C5 is 
emitted in the capacitor C5, the primary winding of pulse transformer PT, and the closed 
circuit of transistor Qi. [ trigger device Q2 ] [ bidirectional thyristor Qi ] By this, a high 
voltage pulse occurs in the secondary winding of pulse transformer PT, it is impressed by the 
electric discharge lamp 5 via capacitor C3, and the electric discharge lamp 5 is started. What is 
necessary is for current transformer CT to detect the lamp current, and just to change the 
output frequency of the high frequency conversion circuit 2 from the frequency at the time of 
no-load to the frequency at the time of lighting, if the electric discharge lamp 5 starts. 
[001 l]In this example, since energy is supplied to the start-up circuit 4 from this side of 
current-limiting element Li, even if the electric discharge lamp 5 starts discharge, the energy 
of the start-up circuit 4 does not fall. If the electric discharge lamp 5 lights up, the output 
voltage of transformer Ti declines by change of frequency, the voltage impressed to the start- 
up circuit 4 falls, and, and they wdll not generate pulse voltage. [ trigger device Q2 and 
bidirectional thyristor Qi ] What is necessary is to raise the output voltage of transformer T2 
to about 300V at the time of no-load, and just to specifically set the output voltage of 
transformer Ti as 1 50-200 V in the time of regular lighting, if ramp voltage is lOOV. Although 
the start-up circuit 4 forms the series circuit of diode Di, resistance Ri, and capacitor C5 and 
half- wave rectification of the input voltage is carried out, full wave rectification of the input 
voltage may be carried out like the composition of rectification circuit DB2 of drawing 1. 
resistance Ri, and capacitor C5. Although the resonant circuit of inductor L2 and capacitor C4 
is established in the start-up circuit 4 in the example of drav^dng L the resonant circuit is 
established in the main circuit in the example of drawing 4 . For this reason, it has the 
flexibility which can also impress comparatively high voltage (for example, 300-500V) in the 
circuit of inductor Li, rectification circuit DBi, capacitor C2, and the low frequency wave 
conversion circuit 3. 

r00121 Drawing 5 is a circuit diagram of the 3rd example of this invention. The electric 
discharge lamp 5 is a high pressure discharge lamp, and it generates the pulse voltage of 10- 
30 kV as an output of pulse transformer PT in the start-up circuit 4 so that instant restart can 
be carried out. Although operation is the same as that of the example of drawing 1 . it has 
provided 3rd winding N3 in transformer Ti in this example. In this case, what is necessary is 
just to design a turn ratio according to a required output, since a main circuit and a start-up 
circuit arc distinguishable using secondary winding N2 of transformer Ti, and 3rd wdnding N3. 
Therefore, there is flexibility in design. Like the example of drawing 4 , although detection of 
lighting of the electric discharge lamp 5 uses current transformer CT, it may detect and judge 
ramp voltage. Even if DC power supply are the composition which rectified from ACIOOV, 



they have the same natural effect. 

[0013]Next, drawing 6 shows the basic constitution of the invention of claim 6. In this 
invention, make the switching element of the high frequency conversion circuit 2 use also [ 
circuit 7 4/ start-up ], generate high tension required for start up, start the electric discharge 
lamp 5, and by such composition. The control for generating a miniaturization and high 
tension of the start-up circuit 4 can become easy, the electric discharge lamp 5 can be made to 
be able to shift to arc discharge smoothly from glow discharge, and the light can be made to 
• start and switch on certainly. That is, although the output voltage of the high frequency 
conversion circuit 2 is made to impress to the input part of the start-up circuit 4 and starting 
performance is raised in the invention of claim 1 , the invention of claim 6 utilizes the 
switching element of the high frequency conversion circuit 2, and the point which constituted 
the start-up circuit has been the feature. 

[001 41 Drawing 7 shows the concrete example of an invention of claim 6. In this example, the 
half bridge inverter is used as the high frequency conversion circuit 2. A switching element, 
Di, and D2 of Si and S2 are diodes among a figure. Operation of the high frequency 
conversion circuit 2, transformer Tj, rectification circuit DBi, the low frequency wave 
conversion circuit 3, and the main circuit that consists of the electric discharge lamp 5 is the 
same as that of an above-mentioned example. Swdtching element Si and S2 carry out an on-off 
action by tums by high frequency, impress high frequency voltage to transformer Ti, and are 
rectified by rectification circuit DBj. The low frequency wave conversion circuit 3 carries out 
the police box of the output of rectification circuit DBi by a low frequency wave, and 
impresses rectangular wave voltage to the electric discharge lamp 5. While switching element 
Si and S2 are carrying out the on-off action by tums as mentioned above at the time of no- 
load, synchronizing wdth switching element S2, the on-off action also of the sv\dtching element 

53 is carried out. Namely, two half bridge inverter circuits of switching element Si, S2 and Si, 
and S3 are formed, Since electric power supply and switching element Si and S3 to a main 
circuit start the electric discharge lamp 5, swdtching element Si and the S2 operate as an 
inverter for generating the high tension of the start-up circuit 4. Diode D5 and D4 are the 
objects for surroundings lump prevention, and have separated two half bridge inverter 
circuits. High frequency voltage is impressed to the series resonant circuit of inductor L2 and 
capacitor C5 by turning on and off of svsdtching element Si and S3 via capacitor C4. By this, 
capacitor C5 is made to generate the high frequency voltage which carried out pressure up, 
pressure up is further carried out to it by pulse transformer PT, and it is impressed by the 
electric discharge lamp 5. At the time of no-load, high tension is impressed to the electric 
discharge lamp 5 by making the neighborhood of the resonance frequency of inductor L2 and 
capacitor C5 into the clock frequency of switching element Si and S3. If the light is switched 
on and only switching element S 3 v^H be made into an OFF state, it wdll stop, switching 
element Si and S2 will carry out the on-off action of the generating of high tension by tums, 
and the electric discharge lamp 5 will be turned on stably. Thus, since switching element S3 in 
the start-up circuit 4 is independently controllable, the control flexibility for starting is large, 
and can start and light up certainly, 

[0015]Like drawing 8 , a center tap may be provided in the secondary winding of transformer 
Ti, and the low frequency wave conversion circuit 3 may be made the composition of a half 
bridge inverter. In this circuit, the series circuit of capacitor C21 and C22 was connected to the 
output of rectification circuit DBi, and the center tap of transformer Ti is connected to it at the 
node of capacitor C2 1 and C22. Multiple connection of the series circuit of switching element 

54 and S5 is carried out to the series circuit of capacitor C21 and C22. By carrying out the on- 
off action of switching element S4 and the S5 by tums, rectangular wave voltage is outputted 
between the node of capacitor C21 and C22, and the node of switching element S4 and S5, and 
it is impressed by the electric discharge lamp 5. This composition is applicable to the 
invention of claim 1 similarly. 



r00161 Drawing 9 is a circuit diagram of an invention of claim 7. As for a low frequency wave 
conversion circuit and 4, DC power supply and 2 are [ an electric discharge lamp and 6 ] 
control sections a start-up circuit and 5 a high frequency conversion circuit and 3 one among a 
figure. The control section 6 takes the synchronization of the high frequency conversion 
circuit 2, the low frequency wave conversion circuit 3, and the start-up circuit 4, and 
impresses high-tension **** in the first half of the half cycle of a low frequency wave like 
drawing 10 , Since capacitor C2 is maintaining the voltage charged to the peak value of the 
output voltage of transformer Ti after high-tension **** occurs, the high frequency 
conversion circuit 2 does not need to operate after it. Since the start-up circuit 4 is connected 
- so that energy may be supplied from the output of the high frequency conversion circuit 2, 
high-tension **** is not inevitably generated by the stop of the high frequency conversion 
circuit 2. That is, the electric charge of capacitor C2 does not flow into transformer Ti by 
rectification circuit DBi. Since it is no-load and a substantial closed circuit is not formed in 
the both ends of capacitor C2, capacitor C2 is charged by the low frequency wave conversion 
circuit 3. Therefore, since it begins to discharge the electric discharge lamp 5, it should just 
continue operation of the high frequency conversion circuit 2 by cxirrent detecting element CT 
with high-tension **** of the half cycle of a low frequency wave. Thereby, it can shift to a 
lighted condition from starting status. Only energy effective in start up is generated and 
starting becomes the miniaturization of the whole lighting device. Even if high tension is 
generated in the second half of the half cycle of a low frequency wave and you make it 
impressed by the electric discharge lamp 5, it will not necessarily be effective for start up, and 
a damage will be rather given to the electric discharge lamp 5. 

r00171 Drawing 11 is a concrete example of this invention. In this example, the input of the 
start-up circuit 4 was taken from the output of the high frequency conversion circuit 2, and the 
no-load clock frequency of the high frequency conversion circuit 2 is switched like drawing 
iO. By t2 - 13, t4 - ts, it becomes frequency f2 at ti - 12, ta - t4 frequency fi and the second half in 
the first half of the half cycle of a low frequency wave. Generating of high-tension **** in the 
start-up circuit 4 will synchronize with the half cycle of a low frequency wave by this 
operation. Frequency fi of drawing 10 is set up near the resonance frequency fo of inductor Lo 
and capacitor Co, and keeps away f2 to resonance frequency fo. In operation of frequency fi, 
by ti - t2, the input of the start-up circuit 4 becomes high, the start-up circuit 4 operates, pulse 
transformer PT is made to generate high-tension ****, and it is impressed by the electric 
discharge lamp 5 in the first half of the half cycle of a low frequency wave. In not starting, it 
is made to change to frequency f2 by t2 - is in the second half of the half cycle of a low 
frequency wave, and is stopping generating of high-tension *♦** of the start-up circuit 4. 
Thereby, the synchronized signal will be substantially sent to the start-up circuit 4 from the 
high frequency conversion circuit 2, and the controlling signal line from the control section 6 
to the start-up circuit 4 becomes imnecessary. 
[0018] 

[Effect of the Invention] The input part of a start-up circuit is connected to the preceding 
paragraph of a current-limiting element in the invention of claim 1 . 
Therefore, even if an electric discharge lamp begins to discharge, while shifting to arc 
discharge from glow discharge, A small and cheap lighting device can be provided by being 
able to impress pulse energy, being able to raise starting performance with small pulse energy 
by this, and decreasing so that the output energy of a start-up circuit may be optimized. 
The operation at the time of start up aiid lighting can be easily switched by the change of the 
frequency of a high frequency conversion circuit by having connected the input part of a start- 
up circuit to the output stage of a high frequency conversion circuit. 

[0019]In the invention of claim 6, the high voltage generation means of a start-up circuit is 
making the switching element of a high frequency conversion circuit serve a double purpose. 
Therefore, an element number can be reduced and control also becomes easy. 



Since the switching element in a start-up circuit is independently controllable compared with 
the case where the input part of a start-up circuit is connected to the output of a high 
frequency conversion circuit, the control flexibility for starting is large, and can start and light 
up certainly. 

[0020]By the invention of claim 7, synchronizing with operation of the main circuit which 
consists of a high frequency conversion circuit and a low frequency wave conversion circuit, 
high tension is impressed to an electric discharge lamp, and in the unnecessary state, since the 
- oscillation of a high frequency conversion circuit can be suspended, an efficient lighting 
device can be provided. Since the phase of the high tension impressed to an electric discharge 
lamp can be specified, an electric discharge lamp can be efficiently started by the minimimi 
power, there is little output power of a start-up circuit, and it ends, and a miniaturization and 
cheap-ization of it are attained. 



CLAIMS 



[Claim(s)] 

[Claim 1]DC power supply. 

A high frequency conversion circuit which changes voltage of these DC power supply into 
high frequency. 

A transformer which carries out voltage conversion of the output of a high frequency 
conversion circuit. 

A rectification circuit which rectifies an output of a transformer. 

An electric discharge lamp connected to an output of a low frequency wave conversion circuit 
connected to an output of a rectification circuit, and a low frequency wave conversion circuit. 
It is the discharge lamp lighting device provided with the above, a current-limiting element 
which restricts current of load between rectification circuits was connected with said 
transformer, and an input part of a start-up circuit was connected between this transformer and 
current-limiting element. 

[Claim 2] The discharge lamp lighting device according to claim 1 establishing a resonant 
circuit of an inductor and a capacitor in an input part of said start-up circuit. 
[Claim 3] The discharge lamp lighting device according to claim 1 having formed the 3rd 
winding in said transformer and connecting a start-up circuit to it. 

[Claim 4] Said high frequency conversion circuit is provided with a control means to which 
frequency of output voltage is changed in the time [ no-load ] of an electric discharge lamp 
and lighting. The discharge lamp lighting device according to claim 1 or 2 constituting said 
start-up circuit from frequency at the time of no-load so that pulse voltage may be generated 
and pulse voltage may not be generated on frequency at the time of lighting. 
[Claim 5]The discharge lamp lighting device according to claim 1, wherein said electric 
discharge lamp is a high pressure discharge lamp. 
[Claim 6]DC power supply. 

A high frequency converision circuit which changes voltage of these DC power supply into 
high frequency. 

A transformer which carries out voltage conversion of the output of a high frequency 
conversion circuit. 

A rectification circuit which rectifies an output of a transformer. 

An electric discharge lamp connected to an output of a low frequency wave conversion circuit 
connected to an output of a rectification circuit, and a low frequency wave conversion circuit. 
It is the discharge lamp lighting device provided with the above, and a switching element used 
as a high voltage generation means of said start-up circuit was used also [ one / of the 



switching elements in said high frequency conversion circuit / at least ]. 
[Claim 7]DC power supply. 

A high frequency conversion circuit which changes voltage of these DC power supply into 
high frequency. 

A transformer which carries out voltage conversion of the output of a high frequency 
conversion circuit. 

A rectification circuit which rectifies an output of a transformer. 

An electric discharge lamp connected to an output of a low frequency wave conversion circuit 
connected to an output of a rectification circuit, and a low frequency wave conversion circuit. 
It is the discharge lamp lighting device provided with the above, and between infancy of high 
tension by said start-up circuit was made into a specific period which synchronized with 
operation of said high frequency conversion circuit and a low frequency wave conversion 
circuit. 



[Translation done.] 



